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(54) Title : METHOD OF TRANSFORMING MONOCOTYLEDON 

(54) ^m<D^^ ^"f-m^^iDmimis^-^m 

(57) Abstract 

A method of transforming monocotyledon which necessitates only a short period from the transformation to the generation 
of a plant body as compared with the conventional methods, thus reducing the frequency of occurence of mutants, and can be 
generally applied to the plant for which any system of regenerating the plant body from the protoplast has not been established, 
and in which the material to be used can be readily prepared. The method comprises transforming cultured tissues of a monocoty- 
ledon under or after dedifferentiation with a bacterium of the genus Agrobacterium containing desired genes. 
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^IZ^ ^lzmX-^nx\^^^ (Toriyama R. et al., 1988; Bio/Technol. 6 
: 1072-1074, Shimamoto K. et al., 1989; Nature 338:274-276, Rhodes C. A. 
et al., 1989; Science 240:204-207). L*>LJ&:*Sf>, w<D:^^{±, 1) -/D h 

y°^7.hi}^^comi^n^^i)m^r.-^tix^^:hm<^mz<Ds'f'mm^mxh^. 2) 
zfuhzf^:^ hi)^^mi^n^txizimi)^n^m'r^<Dx. MM^mw^m^<D 
izmmi)^i^*^z. 3) ^mmmi)^^m^tt^(Dx. ^tnzw'^^mmmo^m&i)^ 

mi^PEGtzmi^-oft^-vm^Ji^. SIA^ar^lixb^ hnjHb-S/3>^J:»Jl± 

— 2/a>J£iiP^5&:pgM-^&J^o (Zhang W. et al., 1988; Theor. Appl. Gene 
t. 76:835-840, Datta S.K. et al., 1990: Bio/Technol. 8:736-740) . 

^MmxmM$>^^'^itmmzfj-^72^t} z t izj^-Dxm'Kmm^nt^it^:^mx^ 
-s. mr>x. mmmzii;ii>^\^^mn^Mmizj^'^m^^n-o ztt^x^. ^iz 
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ii3S>^^itlKL;t-r— t$f {i«:t>(Gordon-Kamm W. J. et al., 1990; Plant Cell 
2:603-618, Fromm M.E. et al., 1990; Bio/Technol. 8:833-839, Christou P. 
et al., 1991; Bio/Technol. 9:957-962) , 

't(Dm(D:^milLXl±. 1) BtLDNA<D±^^mmTopfer R. et al., 

1989; Plant Cell 1:133-139, Ledoux L. et al., 1974 Nature 249:17-21) , 
2) 7EiK>W^<D*Q!3a (Luo and Wu 1988; Plant Mol. Biol. Rep. 6:165-), 3) 
UtKV — (Caboche M. 1990; Physiol. Plant. 79:173-176, Gad A. E. et 
al., 1990: 177-183) ^^tJf 4) ^ ^ ^ U >f > jl ^ b >m (Neuhaus G. et al., 

1987; Theor. Appl. Genet. 15:30-36)i}t$>:Sii)K MMUt^<D^^^. S^tt. * 

Cleene M. 

1976; Bot. Rev. 42:389-466). 

T^uA^y-v^j^iz^^m^mmi^(DmMmmizmLxitT^^'^^ij7. (By 

tebier B. et al., 1987: Proc. Natl. Acad. Sci. USA: 84: 5345-5349). ^LT 
•ViA (Dioscorea bulbifera) (Schaferw, et al., 1987; Nature 327:529-532)1? 

m^^tix\^^?,i>K "^(omff^m^mmi^. niz>( ^f^mw^izitzco-Mm^mmx 

^'feV^i: $*lTVN-5 (Potrykus I. 1990; Bio/Technol. 8:535-543) . 

Grimsley et al, 1987: Nature 325:177-179{±T:J''n>'^^T- U A(DT - DN 
A<D^izh':P'Ba=ii/:^hV—'!7^'f)V7. (Maize streak virus) ODDNA<feJf 
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Lf^m-A^M^^i (Grimsley et al., 1988; Bio/Technol. 6:185-189), 
ltT^UA^r-V^M.<Dzf'7 :^$. }^ (DviTmB^t^'^^mi^h^ Z H^mLtz (Gr 
imsley et al., Mol. Gen. Genet. 217:309-316). 
Gould J. et al. (1991; Plant Physiol. 95:426-434) (± h ^7 n n S/CD^H 

Mooney P.A. et al., (1991; Plant Cell, Tissue, Organ Culture 25:209-21 
u^'i'^y'V ^ J^^mULfz, mmLtzijjv;^<D^-^mtbT^PWi:(Di3i-^^ iy^m, 

Raineri et al. (1990; Bio/Technol. 8:33-38) {i-T ^^©JEMtC'ifSrolt^c^ 
. ^mm^(DT^U^'i^v^V^J^A2 8 1 (pTiBo542) ^ -( ^(D 8 ffamizfUlML 

titzi5. H3^Bf, mwL5^<D2&m'^mm^<Dm.i^(Dmmi)^E^tifz. ^^iz 

^i^^^^i^GUS^^^^mXLfzzf^^^ Y^^n-oy^n/^^T-V^M.^^ 
^ (OEt-g^a Ltziiz^:fyi-rr^ >y ^StalS x (DmMim t> titz, z <omM 

i)K tti. mxmm. ^izit^^^<Dmx(Dmmiz'z>\.^x^^±izm. 
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#T^-g)i^MS::^LTV^-2) {±■g■V^i^^^ (Potrykus I. 1990; Bio/Technol. 8:5 
35-543) . 

. V^^unt/\zM\^X\t.. ^S-^Sfli^S:ffi«r^-5z^i*S|$J^^f>tiTl>-S (Gould 
J. etal.. 1991). hi)^L. ^«^$:^^-r-5>^tm(i# < (D^^=&i! L> :Km\z 
IS Sg-r -2. :i i: {± fgj^-f L T* {± JJc V \ 
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nm^-r^o^x'. zfu h':^^ :^h^j^nmm'r^m'^izjt^xm^wn^tx(D 

ti{f, -dXi(D^ ^(D&m(D J;: ^ izj^mtmm^jiffamiz^-^i^^mmxm.Bi'f-^mx 
'r^zt'i!>^nmiz:^j:^fz, ^^.(Dmmmizm^'r^^tiz. mm^jimm 

m 1 {i, :i^mm(D:&mizm^^?iZ.t.i>ix^^T^uj^^7'v^-ummmiz'^t 
KpTOK2 3 2<Dm^:&m^^'rmx$>^, 

i^mn(oiomizm-^ti:h^mm.mt. ^^mmm(Dm,^itmmzth^i^ 

-^^o^mm^m^^mn-^^ti^^x^m-r^^iLizi: »j#f>ti-5*;vxzfctF;F 
T*>oT%j:<. M^ti. ESS. mm. aj®, 7E«^;Rtm*3f50D%(5D=s: 
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TM^'e*>U. MAl^N6^fife (Chu C.C. 1987; Proc. Symp. Plant Tissue Cu 
Iture, Science Press Peking, pp.43-50)(D^M^*ii^^S.t/tf ^ 2 m 

g/1 2, 4-D. 1 g/ 1 *-»f ^y®^, SOg/'li/B'm. 2g/iy;V5 
■< h'kWiliaLtzt^^RXfLS^M (Linsmaier, E., and Skoog, F. 1965; Physi 
ol. Plant 18:100-127) <Dmm^RXf}^^^:y^lzlOOmg/liJ-^^jm. 
7 0 0mg/iynU>, 1. 5mg/l 2, 4-D. 20g/li/ai^. 2 
. 3 g/ 1 l>€rSiinL;t^:te^«:ffi«.NS:ii:*5-e^-5., 

MK^(-l9<'^t)ttTl>St)<D?:liVN-5)C:i::&«-tr§S. i^^>(D%(D(D# < {±Agro 
bacterium tumefaciens SjfSCDT i ^5;^ ^ K(D "Jf -f ;P U>XM^ (vir '^^) 

Kff«{i#:&L. T i y^;^^ Ktfitiin vivo_-eJ^A^ti-2.^ 

<DT?fe<S. t.tz. {±. ^{-> Agrobacterium tumefaciens A281^v^ 

•pSi^i^li®, (Hood E.E. et al.. 1984; Bio/Te 

chnol. 2:702-709, Hood E.E. et al., 1986; J. Bacteriol. 168:1283-1290, K 
omari T. et al., 1986; J. Bacteriol. 166:88-94, Jin S. et al., 1987; J. 
Bacteriol. 169:4417-4425, Romari T. 1989; Plant Science 60:223-229 ATCC3 
7394) t-^ttl-ST i ^ KpTiBo542 (Jin S. et al., 1987: J. 

Bacteriol. 169:4417-4425) ©^f ^X^^ (vir *3|5(DDNA^i^ 
^^t}^^^- (*HJj^#{iijVNT. ZCD^^^ — ^ Fx— A— A-l':^U— 
^-j ^m^Lfz (#gg5p4 -2 2 2 5 2 7-^) , Z(OJ:v 

JSC j^.wt— :^ y -^^ ^ — ;&2^^qi3 L < ffl t^-S z i: t ^. 

z:®J;^55:X->'^-A'f :^y-^^^-<DM^: tTpT0K162 mm^4-2 2 
2 5 2 7-^. BJj'W^fF^^^ 5 0 4 8 6 9 5ftH#fF{fi]^^ 0 7/8 5 4,8 
4 4-^) «:^lfS:iil*5T?#'5. ■^■©SlJiSriai l-^f . 30-7^5X^Kli. ^ 
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MMRtK Agrobacterium tumefaciens ffi-^ff jgwrfg-e^ ^pT0K154 i: P5^(f ti-S -7° 
^X^K (Tiy^X^ F*^t>^l£Sti;^ciKf^<Z)pGA472-^^7. ^ FiipVCKlOl ^ 

•^tf:;^7X^ K) {zpTiBo542<D'^*-f ;H/i^x^J^*3f5(DgE(c;57 n — i/'fb^tiTVN 
/c±f3 1 5. 2^D^-X(DRpnl^;t (virB, virG. virG#jt^^=&-^t?) 
^^^^^i^f£%<D-C&-S. z:®pT0K154 {z{±, T«<D2o(D^^@a^Ji:^(D^{c# 

HPT yN^' i/D-r^s/i/^i/fciiJte^ 
NPT ij-r^^t/^^mfi'i&MB.'^' 
TC -r h5-9--r ^'J^^Ja&Jt^^ 
IG ^>hP>GUS3te^=^ 
BR T-DNA(D;&;d<— ga^J 
BL T-DNA(D:£;aC— 3''— BB^J 

V i r B, C. G at^MttT^:^P>'^:5'xU AA2 8 1 &^<Dv i r 

OR I Go 1 E KDmmmihM, 

COS 7A^7T— S?<DCOSgpfi[ 
K 0JR503gKpn IgPfe 

H ummmii i n dm las^ 
PT0R162 cDi^jz. ■xm.x^m<Dum^^w-^-ho:>\t. m%(D^zf^u--iy 

ild^^S. w<7) J: ^ JjcJ^-n-l-liv Agrobacterium tumefaciens vivo 
I^T?(Dffi|HlMifeA (Herrera-Estrella L. et al., 1983; EMBO J. 2:987-995, H 
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orsch R.H. etal., 1984; Science 223:496-498) $:ffjffi-r Z {C ct U , @ 6^ 
ODNA=S:pT0K162 izmxt ^ Z tTb^^imizfJi^, •T'&^b*). mxi£. pT 
0K162 ^ Agrobacterium tumefaciens fC^ALTfcV^T. w (0® $ t> tC^MD 
NA$r^AL/cpBR322i:ll?{fti-5-/5X^ F (!^<KcDr^5 X ^ K^r-^t?) $:«A 
T-So PT0K162 (DDNA{2{±pBR322i:^a|5l;^d:gP:9'd5^-?.cD-e, pBR322^^{$:{iffi 
iHlSB^J'&trt'b^bjiS^^SlACJ; »JpT0K162 pBR322{±pT 
0K162 U Agrobacterium tumefaciens 4'"t?t±^S!ST?#'&:v><DT?. CKDJ:-^ 

(pT0K162::pBR322 -CJ^lttllf Agrobacteriu 
m tumefaciens cfi-e^^l"^ ^ iidST^'^dtVN, ^LT. pT0K162 iipm>22mMW 
©^n^tl{C#M6<JJ&:#ft (^Miiifi^) {-OVNTM^tti{f, pT0K162::pBR32 
2 g^^^=gr^i-<g) Agrobacterium tumefaciens ?r#Sw $<b{-, pT 

0K162 ^^j-^ Agrobacterium tumefaciens tc^S-ScDy^X^ K^^ALTfF^ 
bT^cii ^5. pBR322^ait{$:(D51fe-7-:^-i: LT{±. h 5 ^X/ifV^'^T n 7 (De 
Greve H.H, et al., 1981; Plasmid 6:235-248) fi3fe<DX^^ 9^ y v-Y S^^SIf 14 

(SP) *sfitiTv^s::i:*sipJKL>^c. ^^ox. TT?{-ElfM<D3it^^*spB 
R322{it^D->'ffc:;^nTVN-5J©^t-{i. S P3tfe^=&-?-oy5 X ^ 

Agrobacterium tumefaciens ^(JD^il^M^A i U > pT0K162 (DT^5^{-fiFf 

m.cDj&B^^^mxt^z.iit^Ti^^, i^t:i^(Dm(om^\z\t. pbr322s^©dn 

Ai: S P3te^=-*^'ba^$ti'5:/5X^ FSr^jtLTfcv^T, :itit-mM®3tfi 
PT0K162 ±^cfcH^T, *:^-?^S^>iittjtfe^i:mM<D3te^S:S(I>!?(7)T 
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^^H^ji^y^U^^'^T^V^M.mmmiiLXli. #^cRS^$tl^^:^^:&s, Agroba 
cterium tumefaciens Sr^? ^ L < ffi Z ^ # -5. 

^ K ^ Agrobacterium tumefaciens ^<DT ^U^'i^ ^ V ^ J^MWlMi^^ 

a G. et al., 1980: Proc. Natl. Acad. Sci. USA 77:7347-7351) IzJa^jntZ 

:i(Dj:^izLxmm-^ti^T^uA^7'v^M.mmmizit. ptoki62 ^m(o^ 

mm-m^r^uA^v-v ^M.mmmtmzmm-^'ft?>znz^ *)nt ztt^x^ 
m^it. 1 06 ~i otmm/m\nm(Dms^mm<D7^uj^^7^v^M.m 

mmmmm^mmL. z(Dmmm^iz-mmm.m^ s--i o^mnmmmn. mi^ 
mm±x'isc^m^^mmir^zinz^i)nz>z.tiiix^^. $>^^^ii. mmmm 

mMmimzm^Lt:i^mmmi±. ^to^^. B^^mmxim-^^t^rnxM^m 
m-^-io-Rt^T^uA^T'v^j^mmMizM-t^tjL^i^M^minLtz^mxm 

« -r -S c ^ {c J; »J fir -5 i: -5 . 
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(1) m^mmmfi^<Dmm 

(i) ^ ^(DStU 

\^^^>M(Chu C.C. 1978; Proc. Symp. Plant Tissue Culture, Science Pres 
s Peking, pp. 43-50) . 1 g/ 1 :«7lf 4 2mg/l 2.4-D. 3 0 gy/ 1 

a«|. 2 g/1 y;l/5>f h) {cg^L^b. ^JSiS^Sr 18*^4 0 S 

(iii) ^HM!^ 

N 6 (D^^^im^^>S.r>*^»J^Ms N6bft?^>!li. 1 g/1 :^7if^y^. 2 0 
(iii) (D:^mxmtz^mmWi>^^mirn<D^^^^ 5 1 OmmtTJUtfiLTM 

i^^i:L;^c. zn^<o^m^2N6mi^mm±xm2mmmmLxmtziojv 
(v) si^^aiisniig 

(ii)(D:&ifeT?#/cKMS3|i5®*;l/;^«rAA|Kf*:^fi6 i\k±^mmmm. AAT^ 
>'^S.t>*AAtr^ ^ >!li(Toriyama and Hinata 1985; Plant Science 41:179-183. 
MS$g[Si^il (Murashige and Skoog 1962; Physiol. Plant. 15:473-497) . 0. 
5 g/1 iJ^^Jm. lmg/1 2,4-D , 0.2 mg/\ij-f if.^>. 0. 1 mg/l 

2 0eyi>>3m) U^L, 2 B'C. BtUTt? 1 2 0 r pmT^M-rSZ 
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(2) Ti-/5x^K (y^w-^-y— ^^^-) 

yN-f V^- S/^Mia&jt^^ (HPT) ^t^^-Y^-^)\y^U-^-^ (G 
US) jg^^S: T i 3^77.^ KC0T-DNA^^^cffi^5^32i^;^£. ^XVO^V'^yT^K 

(i) PIG121 HmrtVCD:^^^— tfjte^®^ W>hn>5r-^t?GUS5te^i: 
, yN-r ^nv-f S/>^tn:ffi3t^^i:3Si^byb:^^x^ K (Wt>. 199 1 ; ffl 

nS?-II (^f^^b^iiW. PP.123-132) , ^-^mX^. ^i^t^J: 

»JA#) . 

(ii) pTOK2 3 2 : 
K2 2 9^(D^A 

Tn 7a3f5(DX^:J^5^y V-f i^^^SindSite^Sr-^tfC 1 a I »f ( 2 . 5 k 
b) Uy-^aicj;tj*^?:¥?t'fbt. cn^rpUCl 9(DSma IgPfirtz 

TOK107 (5. 2kb) p T OK 1 0 7 E c o R K H i n d II 

I T^aU, X^tJ^f^y-^-f i^>^ift1^3te^^S:'^tf2. 5 kb»T>^«:pGA4 
82(DEcoRK Hind III »f>^ (2. 7 k b) i:^i^L, T.^fJf-J'^^ 
S/>^mte3te^ilH i n d III . Hp a IgPfir?:-^tf pTOK 1 7 0 (5. 2 
k b) 

3 5 syn^-tJ'-t-ii-^OTij^f 5— tfo^i -r^^bn^iiGUSjte^*^ 
igbfc^^^ — P I G2 2 1 (Ohta S. et al., 1990; Plant Cell Physiol. 31 
: 805-813, ^S^M:^^ J: U g[tg) ?: E c o R 11?^^^^ l^y -l^^tc J: 

»j5^^^&¥?f'fbLH i n dlll U (pCAAGCTTG ; 3f*5?Bi^n — 

K4 6 6 0 P) ^nX\.t^. 3 5 SyD=E — tJ'-:RUf-f >bn>GUSSr-^t?^ 
;t=&HindIIItzJ:y^ymb, 35S ^p^ — ^f — {i/n^ ^^dt-T S/^^Jnl 
i43t^^$r3*^L;t::^5X ^ Kp G L 2 (J. Paszkowski, Friedrich Mieocher 
Institute «J;»JA#) 0)H i ndlll gp{i{z#A L p G L 2 - I G (7. 6 kb 
) ^%tz., J&fc^ pGL2t±pDH51 (Pietrazak et al., 1986; Nucleic Ac 
ids Research 14 : 5857-5868 ) {i ^nv-T S/^^fit&Jte^^CGritz L. and Da 
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vis J. 1983: Gene 25: 179-188) $rlf A L /c%cDT?^S. pTOK170?:Hp 

a immL-zn^nf:im}i^ pGL 2- 1 g<dp v uim)! (5. 2 kb) urn 

i^LpTOK229 (10. Ikb) ^mtz, 

2) X-y^— /^-f ^-p TOK 1 6 2^0^A 

V i rC. V i r G3t^^^$:^ALT#f::X— y-^— — ^ — P T OK 

1 6 2^©a6<j3ae^ (^N-r ^pv^i^v^titi^at^^, -fvhn^Gusit^ 

^) (D^Atiffil^mSlitl-i^Tff-^;^. M^:5? ^-{±:*:11M:?^7X 

^ Kp BR3 2 2{-S3R-rSgPffiSrifo®-e, 7.^i> ^ J ^ Vl^ ^ tiir-^ V 

^, > h P>GU Sjt^^^i^i^^^jiStlfey^X^ K=S:pTOK2 3 2 iiUf ^ 
(®l#«g) . 

(3) W^T^n/^^xU 

T-DNA MJ^Srgim L>^;lfm> LBA4404i:EHA101i: ^Ir^^y^^? X U T i: LT^ffi 
L;t. LBA4404l±^;i/>'t— :/5X^ K ( virMJ^Sr^^Jfe^^TJfiFO) PAU404^ 
-SM^T?* American Type Culture Colletion J:yA#Brt6T^S (A 
TCC 37349), EHA101{i^;Wt-y5 X ^ K(D vir^^:653i^Mf£T 
n/^^-r U AA28lA3i$-e^ y. Hood E. E. et al. 1986*>e> A#Rrig"e^-6. 

(2) ]®t?3^^;feffi>«r®A-r:^U-^^^»— :&3*ie>2aiS(3DT^PAi'-r U 
ATc^lAb. JB;T®0^=Sr3t^^^SEAffii: LTffl^.^>h, 3nf,<D:/7X 4 K=& T 
^n/^^x'J At-SA1-'S^^{±M(DHI^^i^#^ (Ditta G. et al. 1980 
; Proc. Natl. Acad. Sci. USA 77: 7347-735 Dd J; 

LBA4404(pT0K232) 

LBA4404(pIG121Hm) 

EHAlOl (pIG121Hm) 

(4) 7Txif^^^^)-oumm.o^wim 

^U^>( t/>{50 /ig/nl) tiJ^-^-C Sy>(50 fig/ml) Sr-^t^AB^fifeC Dr 
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lica K. A. and Kado C. I. 1974; Proc. Natl Acad. Sci. USA 71:3677-3681) 
iEAA^* (ttf3g&<7)AA:@%^zfev^T, S^a)^Sr0.2M, t^;l'=i-X $r0.2M(z^j| 

(5) mm^ki^ 

mmLtz. mm^MWi. mmmmit ioo/^m T-^hiyv>=f>. log/i ^ji^a- 

7.. 20g /lS/3!W'&-^t^N6S3®^^^fi&(l/2 N6 ^^^fe^:^^, NB^fii^^, N6 
tr^^>^. Chu C.C. 1978. AAT^ y^doriyama and Hinata 1985), 1 g/1 
io-^^ym. 0.2 mg/1 NAA. 1.0 mg/lij>( ^'^^^ 3 I ^JVy-< h) E 

^gS-e■^t^ 2N6@#:^%(c^*tb. 25''C, Bt||T'T?2~5 0^^ML;to -^-tD^ 
. g?®M$r 250 mg/1 -ty :^ J^^^tiMmTi^X-m^L. :7 :d- 

(6) Gvs^^(Dm^:&m 

^^^mmmW^. mm^O.n Triton X-lOO «:-^t?0.1 MU>mi^®?S (p 
H6.8)(r?5?tL. 3 7*'CT- mP^^fiL/c. U >^M»MT'T A >7 7- ij ^ A 
^l$fe#l^*t/cm. 0.1 mM 5-7*P^-4-:J7PD-3-i'>Ky;V-/3- 
D-'^)Vn>m (X-gluc) :Rt;f2 0%;»«^?>'-;V=S:-^t?';>^im»?R«:^inL/c 

hti^mmii^x<oGv s^i^(Dn^iz}mLxii. mmm^h^m}i^mm.L. mm 

(7) j^M^Mis. mw^comm 
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(ii) mm. 

3 Bm^^^MLfzBM^ 2 5 Om g/ 1 12:7* ^:3pi/i^s.^tf 2 N 6:^fi6-e 1 
MM^^Ltz^. 5 0 m g/ 1 V'T i^>?:-^ti 2 N 6 :©:%-e?^Ke^iffl 

(iii) 

3 Bm^^^mLtzm^^&m^s 2 5 Omg/ 1 ±y:i-^^t/A^'^t}2N6 

- 1 2mm ii<5 6Mmm.m. Nstf^sj^^^i, 2 g/i ^f^if^y^. 0.2 mg/i 2 

,4-D, 0.5 mg/l 6BA, Smg/l ABA, 3 0 g / 1 V ;Hf h — ;K 20 
eXl->3m. 2 g/ 1 h) -e2~3Mr^:©«L (2^;>:il^), Z(D^ 

Mk±xmMLtiti}V:^^ 0^ 2 0, 5 Om g/ 1 /\-r v-f 5/>$r■^t^■fH^^:# 
^ffl*&fi6N6 S 3{c^Lyb. ^^mmm(Dmmizlt±X 2 5 0 m g ^ I 

(iv) M^sm 

5 Bm^^^mmLtzmmmmmM^ 2 5 omg/ 1 -t^^t ^#2/A$:^t? 2N6 

^SfeT? IMP^^HL/c^. 5 Omg/1 y^W'^^■7>rS/>$:■^t^2N6;^%T?^ 

(8) ?^S^«l?!>:-fB:f^{cfclt'5^A«e^cD^]l 

M2K^?Rtp{-sam. 2 5'CT 1 0 BmmmL. ^nv-r s^>®mi^$rMS 

(9) •^■^>miz^tmxm^'^(D^m 

IB®5fe. .^(D^(Dj^Kte^<$:^f^{z-:3l,NT, yhm^(D:&m (Komari et al 
1989; Theoretical and Applied Genetics 77:547-552) {zt«ei.ND N A=&iftijt} 
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^^^^mindmm}i<DM^lt. ^5.5Kb-e«>U, C ®MJ^(DT - DN A<Drt 

Kb tr*^ (® 1 ) „ '^fc. iflf^^f^oiNTliMolecular Cloning (Sambrook 
et al. 1989; Cold Spring Harbor Laboratory Press ) {cfB^CO:^^{ct«£o T 

( 10) f ^-^(omMMPcCom^^ <t -5 Jtfe^^^A^^^ (^#^«^ tc fc It ^ G U S 

mm.) 

0 1 H^N^ ^n-r^i/i/^taliJte^iiGUSJte^^^oAW^D-^iJ^^- 
plG121Hm (±3^) S:#Ab;tM$r^^aa^©3fcC0«>«rcD|fli^{C^t!!.aL, 
«^{cGUS?g14:&ISaELfc. ^^Mi^li^H, ESI. ^miJ}\^y^. EM 

Dy^iJ7-r y ^7AEHA 1 0 1 (plG121Hm) ^mMLtzm-^lzlt. Sibm^f^<m.M 

■e G u s (DB3i*«ist^ $ . mmmmm: izM-r ^^^^ m.ir^m.m(Dm^x {± 

Eag:*;vxd5*%it?*^o/c (*1) . GUS$r|fe3^i-«.^^<7);^t$T? 

%MMio)v:^i)mnx\,^tz, mMiJjv:^iz;!k^^x'-m^^mx^^^LtzmMitmm 

mxmt:^Ltz(DizML. mMxiim^i)>izmxmmitm^^tz, z<Dzttt. 
J: *)mm^^<Dm^i)m^^mmiz^&^i)mx^ti'^ir\,^zt ^^ii^ir^%(Dx 
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GUS+c 














0/3 0 


(0) 


10 9/1 57 (69) 


+++ 


mi 


0/2 0 


(0) 


0/3 0 (0) 






0/3 0 


(0) 


24/1 15 (2 1) 


+ 




0/5 0 


(0) 


8/8 9 (9) 


+ 




0/1 4 1 


(0) 


3 12/395 (79) 


+++ 




0/2 3 2 


(0) 


61/247 (25) 


++ 



+ : 1%RK ++ : 1-1 0%. +++ : 1 0%Rh 
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wCD^I^T?^^^L/cA-i'^y— p I G 1 2 1 HmT?{iGU Sjt^^OD 

9 9 1), &.±(Dziii!}^^. ^^^m'^<DGvsm^^(DmM^mmtLtzm^ 
(11) ^m.un(Dm^^iz^^ms:mmmmisj:xj^mM<Dtiim^^ 
>f ^u-^^ iy^iz^^MMmmmmii^-cFMwmmms^o^mm^n-^fz. ^<d^ 
mM<Dmmt^uti)ibtitz im2) . i^tzmm^titzmmt. cvs^-^^^-m 

tzm. m,tn.^mm*mm-r^tzibizit. m^^^m^ntz^^^izmx^n^i^^ 
m^h^, T^u^^^y^v^At<D^:^mmmm^. mmizit^f&cDmm'i-iim 
A ^ tiT s % <D<DmitfL^m.mi>m ibti^t^-^tzztit. ^^^T&m izmx^n 
^m^tm^^zinzii^trnxf^n^, ^fe. ^M^j&^izm^^tmx^nm 

Z mt^^izmm^ti^. Ztii^(DZt.i)^^. Gould et al. (1991) {cJiU^^ 

^mut'^'^ht\.tz(r>\zn\^^ Bmx\%mMmmo^m^\ti^ibhfits.ii>-:>tz, t 

tz. Raineri et al. (1990) <0:^m\zm^^ ol:ffcE3g=Sr^i^M«Sli: LTJt 

(D^M-h»j^^mtii<. nm.'&A<. Li}^%-mmm.xmmM^mmmmt^ititz, zn 
ib<DztLt^h. T^nA^y^^)^j^\.z^:hMmMm.<ommm.iLLx. m^^im 
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( (%) 






mm 


0/ 2 0 


(0) 


0/ 7 7 


(0) 




0/ 3 0 


(0) 


0/128 


(0) 




0/ 5 0 


(0) 


1 6 9/7 4 3 


(2 3) 




0/2 5 0 


(0) 


2 2/2 5 4 


( 9) 



( 12) ^ (D as <t S jte^^ A^^(D^ (i^ fC fc It -5 G U S 

S (Mikami and Kinoshita 1988; Plant Cell Tissue Organ Cult. 12:311-314) 

, T^OAtJ^xU LT{±EH A 1 0 1 (pIG121Hm) StKL B A 4 4 0 4 ( 

plG121Hm) ^m^^tz. 

HAlOl (pIG121Hm) $>-51n{±L B A4 4 0 4 (pIG121Hid) =&ffi VN/c:^-^{-{i 
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ft (%) 












LBA4404(pIG121Hm) 


EHA101(pIG121Hm) 


LBA4404(pTQK232) 




1 


6 7/7 0 (9 6) 


7 8/8 7 (9 0) 


6 4/6 6 (9 7) 




2 


72/86 (84) 


6 8/7 3 (9 3) 


8 2/8 2 (1 0 0) 




1 


46/1 35 (34) 


43/1 1 6 (37) 


1 24/1 3 1 (95) 




2 


28/1 07 (26) 


81/143 (57) 


10 2/1 03 (99) 
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EHAlOl (pIG121Hm) {±^;i/^^-y 7 X ^ Ktcg^J^MteT A ^ 7" U t> 
AA2 8 1 ®v i r^^SrJ^Oo LBA4404 (pIG121Hm) {±aS<D v i r ^ 
;^Srlto. —i3. LBA44 04 (pT0K232) {i^;W^— ^5 X ^ KCD v i r 

(Dv i r-^^cD— g|J<7)3tfe^Sr<i-rS. ^LT, ©y^-f •:^ U — ^^J' — {ipTOK 
162 *^f>Jlil^Lfe%<D-e. L BA4 4 0 4 (pT0K162)tt5R^m^i|^®PfJT?%J^® 
i^g|<D®®|J5:*ti^®(z@«>Tiif^-T?J^S«Kjfe;&BrigilL>S: (Saito Y. et al., 1 
992: Theor. Appl. Genet. 83:679-683). ZL<r^^^\z. Sfe^MftcOv i rM*^(D 

S^^MttcOv i ^'^J^^^tfcJi^^LBA4 4 0 4 (pIGI21Hm) -l?%MiSiaii% 

^;W^— Y\zWMW^(J^v i r ^JfoEHA 1 0 1 (pIG121Hm 

i r $:ltoL B A4 4 0 4 (pT0K232)T?{± n 1 U T^b^^ O^feiHHi^tc 9 5 % 
J!J^±<Dmi^-eGUS?g14*SM«)t>*l/c (^3) . $f>{C, GU SJgISS: 3^1-^*1 
■?^*l®SfflitSJ-e<D»'feMi®(D®||(zBBbTli. LBA44 0 4 (pT0K232)-eife%:^ 

;UX©mm^l-B8LTliLBA44 0 4 (pT0K232)*«ik%]i5< . ®in:'f£*;l/X<D 

^WM\z.m-t^^W^^mtM^hiC\.f^i)-^-^t:L (^4) e LBA44 0 4 (pIGl 
21Hm) ^Sl,N{±EHA 1 0 1 (pIG121Hin) CD 2 oCDMl^TJi, Mfe^{ii£<. S 
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-i^V—^^ ii-iZ^mm^CDv i r3t^^(D-gl5$:j#oLBA4 4 0 4 (pTOK 
232) ^ T I ^ S fCj^ ;S *X ^ . 
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^4 rif'a^<i'7-')^-i^ow^<Dm^^^ii^^wi^^^o>m^^ m&iiJi^x) 







i^D •/ vffi^* ;i/Xifc/«Hg* -'I'Xtjc (96) 




m m 






LBA4404(pIG121Hm) 


EHAlOl (pIG121Hm) 


LBA4404(pT0K232) 




1 


9 1/338 (27) 


1 3 9/3 0 1 (4 6) 


16 9/305 (55) 




2 


59/421 (14) 


66/425 (1 6) 


1 1 0/3 6 0 (3 1) 




3 




1 0/5 2 1 ( 2) 


1 7 4/6 4 4 ( 27) 




4 




2 0/3 4 9 ( 6) 


10 0/349 (29) 




1 


6/269 ( 2) 




6 5/2 8 3 (2 3) 
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(i5)js^ -^fu-^^ciy >mm^'MMm^mz It -5 G u s m.Bi^<D^mm^ 
Tb^i^mi^^n^^'ittL. n^^tmcD^MN ess izj\^ ^a-^^iy^^mMLtz 

^mtn^mmmuaLtz ims. me. mi) . ta^. t^oa^-^ui^at- 

^LtzGu sm^-^±m^z^'tmw\m'^n^wii^x^in:b, 

^5 yN-r ^u'^>(t/iymM^iJ}\^7.i>^^n^ih\.tzmmizi^\i^GusmBi^ 



















1 


2 6 


2 5 


1 


0 


2 


8 


7 


1 


0 
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GUSUft 


LBA4404(pIG121Hm) 


3 


1 


1 


EHA101(pIG121Hm) 


2 0 


1 7 


1 0 


LBA4404(pT0K232) 


2 0 


1 5 


1 2 



^7 /N'T ^nv'rs^i^^ift&*;vx**^>S4J'^bLfc*t<^{cfei:tSGUS 





mum. 






GU S|^i4 


L6A4404(pIG121Hm) 


1 9 


5 


3 


EHA101(pIG121Hm) 


1 1 


4 


1 


LBA4404(pT0R232) 


1 9 


1 1 


1 1 
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(16) MMmmi^(Di^m^t3J:xfm^n^ 

(1 7) MMmi^mi^^^t?^i(kis:i^iz^i,-y^mxM^^(Dm^t^m 

titz m8, m9) . ^ KpT0K232 (Dt^XltHP Tm&^^^ttmndmm 

Pflt 5.5 Kb X$>^<DIZMI.. m^Ltz-r^X<DMMU^mzit. ^ 6 Kb }ik± 

tz (^8. ^9) . t.tz. Z.n^,(DJs-( ^U^-( ty^mfi'&.mWlt. GU Sjte 

<D^m,ii%\z\m'^^m\z\s.\im'^t^^^tfi^m^^-Lit, ^stcfeit-s" ®i 

-2feJ:t;3-2{±, ^JiJt7!»^t>2H^^Je;±©^Am^ 
<r>2-i<r>M'MMmmW^\ts 2n\£-'<DmX7kBi^<o^tE^nUhtzijK Z(0 
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^8 ^^>mmiz^^MMumii^izi3iirzm'X^^ir<D=i\^'-mmrf 





sm<^ifi:f^ {- It ^ rnxm-Bi- <d§ 


























GU SI 














*f m 

1 - 2 

2 - 1 
3-2 


2 

2 * 
2 


0 
3 0 
6 4 
5 9 


6 0 
0 

2 6 
1 


0 
1 9 
1 3 
1 9 


2 0 
1 
5 
1 



o 
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MQ . if If >«?tlf {- J: -5 J^nmki^ It -5 ^ A^t^^^ (Dntf-iJcfeiUf 











GU 












— 


0 


6 0 


0 


2 0 


1 


1 


4 6 


2 6 


1 5 


5 


2 a 


2 


3 3 


1 8 


1 3 


5 


2 b 


2 


3 1 


9 


1 5 


5 


3 


2 


2 9 


1 0 


1 6 


3 


4 a 


3 


2 2 


2 1 


1 3 


7 


4 b 


3 


4 8 


1 1 


1 6 


3 


5 a 


3 


2 6 


1 3 


1 7 


3 


5 b 


3 


3 6 


1 4 


1 7 


3 


5 c 


3 


2 4 


9 


1 7 


2 


6 


2 


4 7 


1 3 






7 


1 


5 6 


2 0 


1 4 


5 


8 


4 


4 5 


2 2 






9 


1 


5 2 


1 8 


1 8 


2 


1 0 


4 


5 3 


1 0 






1 1 


2 


7 5 


1 5 


1 8 


2 


1 2 


3 


44 


7 


1 4 


6 


1 3 a 


2 


3 3 


1 8 


1 5 


5 


13b 


2 


3 2 


8 


1 3 


7 
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«9 (m^) 











GU 










14a 


1 


7 2 


2 0 


1 5 


5 


1 4 b 


1 


2 6 


1 4 


1 0 


1 0 


1 5 


1 ~2 


2 2 


7 


1 2 


8 


1 6 a 


2 


3 1 


1 0 


1 5 


2 


1 6 b 


2 


3 2 


8 


1 4 


3 


16c* 


2 


6 9 


2 4 


1 3 


7 


1 7 


6 


8 9 


4 1 






1 8 a * 


1 


3 5 


5 


1 5 


5 


1 8 b 


1 


7 0 


2 0 


1 0 


1 0 


1 9 


2 


4 7 


1 3 







(1) h'J^nniySi® 

h i^^nnS/affiAlSS. Fl (A188 x Black Mexican Sweet), Fl (A188 x B73Ht) 
, Fl (B73Ht X A188), Fl P3732 ^rM^N-i: bTji^L;^. A188, Black Mexican 

Sweet. wiz&x<oy.^'fi^<D^siM\imnii^mm^mm.mmm\i)^f:>. i^tz. P3732 

(2) &^^^mmm,<omm 

. M®2KT? 3 HlJftJ^^, ISm^^^ (Linsmaier and Skoog (OM^Mii XX^)^ ^ 
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^ >^ ; Linsmaier, E. and Skoog, F. 1965; Physiol. Plant 18: 100-127, 10 
0 mg/l7t;if^y'^. 700 mg/\y°nV>. 20 g/\t^ bM. 2.3 g/1 ^?\^^^ h) H 

(3) ^mmmMtij\^>^<Dmm 

*^E«r L S D 1 . 5 mi^^^ (Linsmaier and Skoog (DM^MiS J:Xf\^ ^ ^ > 
m. lOOmg/1 ij'ifS.jms 700mg/l r^D U 1.5mg/l 2,4-D , 20g/l iy^m. 

2.3g/iy;i/5-i' h) izui^Ltz. smmmmWi. j^m^nfzmmmmijj\^:^i&. 

(4) T^DA^-rU ^7i^©®^ 

mMmi \z^Ltzr^nA^v'^)t?J^(Om^<Dt%. LBA4404(pTOK232)fcJ;UfEH 
A101(pIG121Hm)$^ffiV^;t. 
( 5 ) T ^ □ A 7- V'i' 

^TU-^^ t/:y (50 mg/l ) i/:^ (50 mg/l ) =S:-^t? A B^fifeiT? 

3-10 0F^:©ilLfcy^nA^"r y t;A©3D--?re^:?T*>ti:«J, ^IJS 
Ml {Ca^Lyb<^jEAA^Sfe{-Jl^L, Mj^SSrS-SX 1 09 M/m 1 CliM 

(6) 

^ y tfj L ;t i^i^ 5 X ^1? ±x&(D T ^ n ^ 7^ y AJSP?S fz 3 ~ 1 

o^mwrnx^tc. mmmmm.. loo MM7-bhs/u>rfv. 20 g/i t/^m. 1 

0 g/1 ^^l/n-J^^r-^ti^^^iEL S®{*:^;ftk (Linsmaier and Skoog (DMWl^U. 
Miirashige and Skoog (Dtf^ ^ >^ ; Murashige, T. and Skoog, F. 1962; Phys 
iol. Plant. 15:473-497. 0.1 mg/l jfj-f :?^5=-i/, 1.0 mg/l iJ^^JW.. 2.3 
g/1 {-^*IL. 25TC, fiSgaT-e2~3 0K^«L;^c. ^(D^, 250 

mg/Hz7;d-d?^S/A=&-^t>M®2KT'i5fe^^L, 7 ;j- ^ i> A $:-^t? L S 

(7) ij)\^7.^(Dmu. ^m^^ 

T-tr hi/y >d'>'&-^t^2N 6®<$:^S&(z^<iL. 2 5°C. RfHT-e 3 H f^it^? 
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mm^i3Z.fji-Dtz, ^(Dm*;^X=S:250iiig/l ^ ^ ^ J^^^tJmM^X^'MW 

(8) G u s jgficDisac:^^ 

(9) mmmm^o^^^^mx 

Gould ^>(D^^ (Gould J., et al. 1991: Plant Physiol. 95:426-434) 
mj^<0 T^uy^^y'V^ A®^EHA101(pIG121Hm) =fe M^M t ^fe^TO^U^S 

L /ctL^T'{itf-T'^$[I L fcgPtJ^H G U S 3t^^(D^^2:>MN$ J^cjt^^t-^i?) ^> ti;^- 
. Ld^L, ^(Dm^«=&Mlt/c^gi^*|:T'GUS?Sii=feliaEt>^ci:w^. GUSJt 
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mm, 
m.mm 






GUS ^]l(D5»^^t>ti<;^c 


1 


2 4 


9 


2 


0 


2 


1 6 


8 


6 


0 


3 


1 7 


1 3 


5 


0 


4 


1 4 


1 


0 


0 


5 


4 5 


1 4 


7 


0 


6 


3 2 


1 4 


8 


0 


7 


3 0 


7 


1 


0 



#^^B"nffi(±v^-f P 3 7 3 2 



(1 0) h'>=EnnS/(DSiafeJ:t/#l^||^m;«3tte^^^A^^<D3®v> 

m^Ltzi.^'ftKDffam'v^-mmmvGvs^B^oy^m.t^^i^nti. ehai o 

1 (pIG121Hm). L B A 4 4 0 4 (pT0K232) (DM^P^-etDit^-^fl^^^cD^ti^ 
^xU '>A®A-f :^U-^^^ — P IG12 lHnifeJ:trpTOK232{iGUS 

:^i)mmLtz. mmLtzmmitGu s^^^(D^m.^^Lrzztt^^. mvMm 

tto hCO-jSWi (Lupotto, E. and Lusardi, M. C. 1988; Maydica XXXI II: 163-17 
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^11 h'>^p=is/5&;i/x^<DGUS3a^^(D^Ai^^ 





mm 


G\}S+<Dio)V:^m/i&Mio)V7.m (%) 


A188 


1 


32/35 


(91) 


A188 


1 


34/34 


(100) 


A188XBMS 


1 


41/49 


(84) 


A188XB73 


1 


35/42 


(83) 


A188 


2 


39/40 


(98) 


A188 


2 


40/40 


(100) 


A188XBMS 


2 


38/40 


(95) 


A188XB73 


2 


31/40 


(78) 


B73 XA188 


2 


29/35 


(83) 



BMS: Black Mexican Sweet 

l:EHA101(pIG121Hm), 2:LBA4404(pT0K232) 
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2 . mm^^mmm^^ ^f^w-e^^it^^ i la^©^^. 

3 . mmm'f-mmmu ^-e^-stt^^ i lam®^^. 

U/"^^ "rV J^MMM'^&r^X. Agrobacterium tumefaciens <OT i K 
P T i B o 5 4 2(D»^Y;H^>X0^*3f5(DDNAK)T>^r?:-^ti» >^5X^ KSr^A 

6 . BifiaDNAif>r&-^t?^5X ^ K{±pT0R162 X{±^(D^¥#:"e*'5l»^3® 

7. talBT^ny^:^?^ y AMiNHMfi, Agrobacterium tumefaciens -e$>SM 

8. J^^i|g^ii^t{-ffiv>^T^n/^^-r y ^'AMiMM^MJ^^^n Ob ~ i o 
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